sive care unit (ICU) and hospital lengths of stay, blood transfusions, and complications. The outcomes in the two groups were compared with multivariate analysis after adjusting for age, Glasgow Coma Scale, hypotension, major associated injuries, and type of aortic repair. A second multivariate analysis compared outcomes between early and delayed repair, in patients with and patients without major associated injuries. T he traditional approach to stable blunt thoracic aortic injuries (TAI) is immediate repair with delayed repair reserved for patients with major associated injuries or severe comorbidities. 1 However, in the last few years, with the widespread use of beta-blockers, many surgeons opt for delayed repair even in low-risk trauma patients. The effect of this liberal approach on outcomes is not clear.
Results:
The study protocol was prepared and approved by the MultiInstitutional Trials Committee of the AAST and each participating center obtained approval from its own Institutional Review Board. The study excluded patients treated nonoperatively and those in extremis on arrival. The data collection included age, gender, mechanism of injury, initial clinical presentation (blood pressure, Glasgow Coma Scale [GCS]), Injury Severity Score (ISS), Abbreviated Injury Score (AIS) for each body area (head, chest, abdomen, extremities), method of diagnosis (computed tomography scan, angiography, transesophageal echocardiogram, magnetic resonance imaging), type of aortic injury (intimal tear, aneurysm, dissection), site of aortic injury (aortic arch or distal to the left subclavian artery), type of definitive management (open repair or endovascular stent/grafts), and time from injury to therapeutic procedure. The outcome variables included survival, ventilator days, intensive care unit (ICU) and hospital length of stay, blood transfusions, and complications. The following complications were recorded: procedure-related paraplegia, acute respiratory distress syndrome, renal failure, pneumonia, urinary tract infection, deep venous thrombosis, device-related complications, and other. All participants used a standardized definition for acute respiratory distress syndrome, pneumonia, septicemia, urinary tract infection, graft sepsis, and renal failure. The patients were followed until death or discharge. For the purpose of the study, the patients were divided into two groups on the basis of the time from injury to definitive aortic repair: the early group which included repairs within Յ24 hours and a delayed group with repairs after 24 hours.
An Excel spreadsheet was created for the purpose of the study and analysis was performed using SPSS 12.0 for Windows (SPSS, Chicago, IL). For the analysis, the following continuous risk factors were dichotomized using clinically relevant cut-points: age Ͻ55 versus Ͼ55, systolic blood pressure Ͻ90 mm Hg versus Ն90 mm Hg, GCS Յ8 versus GCS Ͼ8, AIS Յ3 versus Ͼ3. The primary outcome measure was in-hospital mortality and the secondary outcomes included complication rates, ventilator days, ICU and hospital length of stay, and units of blood transfusion.
The outcomes between the early and delayed repair groups for the total study population, for patients with and for patients without major extrathoracic trauma were compared using bivariate and multivariate analysis. For bivariate analysis, the 2 or two-tailed Fisher's exact test was used to compare proportions and the Student's t test or Mann-Whitney rank-sum test was used to compare the means of the two study groups. Major extrathoracic trauma was defined as any injury with head, abdomen, or extremity AIS Ͼ3.
The logistic regression analysis was used to compare the dichotomous outcomes including mortality and complications between two study groups adjusting for presence of major extrathoracic trauma, GSC Յ8, SBP Ͻ90, age Ͼ55, and type of aortic repair (endovascular or open repair). Adjusted odds ratio, 95% confidence intervals, and p values were derived.
Analysis of covariance using the original data and rank data were conducted to compare the continuous outcomes including units of blood transfusions, ventilation days, ICU length of stay, and hospital length of stay between the two groups. Adjusted mean difference and its 95% confidence interval of each outcome between the early repair group and the delayed repair group were derived. Parametric and nonparametric adjusted p values were derived for the comparisons.
In the analysis that compared the outcomes between the two study groups for the entire study population, the factors used for adjustment included presence of major extrathoracic trauma, GCS Յ8, SBP Ͻ90, age Ͼ55, and type of aortic repair (open vs. endovascular repair). In the stratified analysis comparing the outcomes between the two groups among patients with major extrathoracic trauma or among patients without major extrathoracic trauma, the factors used to ad- 
RESULTS
During the study period, 193 patients with blunt TAI were entered into the study. Fifteen patients (7.8%) were excluded from the analysis because of deficient documentation of the time from injury to procedure.
Most patients were men (77.0%) and the mean age was 39.4 years; 18.1% were Ͼ55 years and 8.5% Ͼ70 years of age. Overall, 16.6% of patients were hypotensive and 24.6% had GCS Յ8 at admission. A total of 38.6% of patients had at least one severe extrathoracic injury with AIS Ͼ3. The epidemiologic and clinical characteristics of the study patients are shown in Table 1 . Most patients (64.6%) underwent endovascular repair and the remaining 35.4% were managed with open repair.
There were 109 patients (61.2%) who underwent an early procedure and 69 (38.8%) who had a delayed procedure. The two groups were similar with regard to gender, age, clinical condition or admission, ISS, presence of severe extrathoracic injuries, and type of aortic repair ( Table 1 ). The mean time from injury to procedure was 10.2 hours Ϯ 5.9 hours in the early repair group and 126.2 hours Ϯ 137.0 hours in the delayed repair group ( p Ͻ 0.001) ( Table 1 ). The epidemiologic and clinical characteristics of patients with or without major associated injuries are shown in Tables 2 and 3 . The types of aortic injury (intimal tear, aneurysm, dissection) were similar in the two study groups (Table 4) . Table 5 shows the crude mortality, complications, ventilator days, ICU and hospital lengths of stay, and blood transfusions. The procedure-related paraplegia was 1.8% in the early repair group and 1.4% in the delayed repair group ( p ϭ 1.000). Table 6 shows the paraplegia rate according to time and method of the aortic repair.
Overall Outcomes
Multivariate analysis adjusting for GCS Յ8, blood pressure Ͻ90, age Ͼ55, severe extrathoracic trauma, and Table  7 ). The risk of any systemic complication after adjusting for the above risk factors was similar in the two groups of patients (Table 7) . However, there was a significantly longer ICU and hospital length of stay in the delayed repair group (adjusted p value on rank 0.016 and 0.010, respectively). There was no difference in ventilator days and blood transfusions (Table 8) .
Outcomes in Patients Without Major Extrathoracic Injuries
There were 108 patients with no severe extrathoracic injuries. The overall mortality in this group was 12.0%; 14.3% in the early repair and 7.9% in the delayed repair (p ϭ 0.537). The crude mortality, complications, ventilator days, ICU and hospital stays, and blood transfusions are shown in Table 9 .
Multivariate analysis adjusting for GCS Յ8, BP Ͻ90, age Ͼ55, and method of aortic repair showed a strong trend (Table 10) .
A similar multivariate analysis adjusting for the same risk factors showed a significantly shorter ICU length of stay in the early repair group (adjusted mean difference [95% CI] Ϫ4:58 [Ϫ9.39, 0.22] adjusted p value on rank 0.020) but no significant difference in ventilator days, hospital length of stay, and blood transfusions (Table 11) .
Outcomes in Patients With Major Extrathoracic Injuries
There were 68 patients with major extrathoracic injuries, 37 of which underwent an early repair and 31 delayed repair.
The overall mortality was 13.2%; 21.6% in the early repair and 3.2% in the delayed repair group ( p ϭ 0.033). The crude outcomes in the two groups of patients are shown in Table 12 .
Multivariate analysis adjusting for GCS Յ8, BP Ͻ90, age Ͼ55, and open versus endovascular repair showed a strong trend toward higher mortality in the early repair group (adjusted OR [95% CI] 9.39 [0.93-95.18] adjusted p value 0.058) ( Table 13 ). The multivariate analysis also showed a significantly shorter hospital length stay in the early repair group but no significant differences in systemic complications, ventilator days, ICU length of stay, and blood transfusions (Table 14) .
DISCUSSION
The natural history of untreated blunt TAI is grave. Early reports suggested that 80% to 85% of TAI die at the scene. 3, 4 Parmley et al. 4 in a 1958 study of 296 TAI reported only 13% reaching the hospital alive. For those patients with contained rupture, early diagnosis and prompt treatment have been considered as the cornerstone for survival. Burkhart et al. 5 in an analysis of 242 autopsies with TAI reported that 57% were dead at the scene or on arrival to the emergency room, 37% died within the first 4 hours, and 6% died after 4 hours. In an AAST multicenter study by Fabian et al., 6 24 (8.8%) of the 
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Volume 66 • Number 4274 patients of the study population, progressed to free rupture. Ninety-two percent of the ruptures died within 24 hours of injury, one at 30 hours, and one at 6 days. In the group of 13 free ruptures with precise time of rupture, 46% occurred within 4 hours and an additional 38% within 8 hours. For these reasons, immediate repair has been considered as an emergency and this practice remained the standard of care for many years. However, subsequent studies suggested that patients with major associated injuries could safely be managed with delayed repair, provided that the blood pressure was adequately controlled. [7] [8] [9] [10] The concept of delayed repair was subsequently applied more liberally in patients with no severe associated injuries or major comorbidities. It has been suggested that delayed repair may allow better resuscitation and performance of the operation under more optimal conditions and perhaps reduce the risk of complications, especially paraplegia. 11 Effective control of the blood pressure with beta-blockers or other antihypertensive medications remain the cornerstone of safe delayed operation.
The safety of the delayed repair and its effect on outcomes is poorly documented, the results are contradictory and most studies include mainly patients with major associated injuries. Although some studies reported improved results with delayed repair, others were unable to demonstrate any clear benefits. Wahl et al. 12 in a retrospective review of 48 patients reported that although delayed repair (Ͼ24 hours) was safe, there was no obvious outcome benefit. Delayed repair was associated with longer hospital length of stay and higher direct costs than early repair. In another retrospective study of 78 patients, Hemmila et al. 11 reported mortality rates of 9% in the early repair (Ͻ16 hours) and 20% in the delayed repair group (Ͼ16 hours). Multivariate analysis adjusting for age, GCS, intubation status, ISS, and abdominal AIS showed an odds ratio for death in the early repair group of 1.72 ( p ϭ 0.57). There was a higher complication rate and longer hospital stay in the delayed repair group. The authors concluded that patients with blunt TAI and other injuries which require priority treatment can safely undergo delayed aortic repair. The Journal of TRAUMA Injury, Infection, and Critical Care
The authors caution that delayed repair is associated with a higher complication rate and the longer ventilator and ICU lengths of stay. This study addresses many of the methodologic problems with previous studies. Its prospective nature and large size allowed a more reliable data collection and appropriate statistical analysis. In addition, subgroup analysis of patients with or without major associated injuries provided more precise identification of patients who might benefit from early or delayed repair.
One interesting finding in the study was the widespread use of delayed repair, even in patients with no major associated injuries. Of the 108 patients with no major associated injuries, 38 (35.2%) underwent delayed repair.
Overall, the study showed a strong survival advantage of the delayed repair, although the ICU and hospital lengths of stay were significantly longer with this approach. The most controversial and least studied issue is the optimal repair time in patients with no major associated injuries. This study showed that early repair was associated with a strong trend for higher mortality than delayed repair but failed to reach statistical significance (adjusted OR 5.95, p ϭ 0.067) most likely due to underpowering and type II error. However, early repair was associated with a significantly lower complication rate and shorter ICU stay than delayed repair, possibly due to more early deaths in this group. This finding confirms previous reports in the literature. 11, 12 The subgroup of patients with major associated injuries benefited the most from delayed repair because of improved survival and no increased systemic complications, even though there was a significantly longer length of stay than early repair. The timing of repair in this group of patients did not have any effect on systemic complications, paraplegia, blood transfusions, ventilator days, and ICU days.
CONCLUSIONS
Delayed repair of blunt TAI has significant survival benefits although it is associated with longer ICU or hospital lengths of stay than early repair. This study supports delayed repair in all patients irrespective of risk factors. Patients with major associated injuries are most likely to benefit from delayed repair.
